The clinical applications of plasma estradiol determination using radioimmunoassay method have been commenced for elucidating pathogenesis and for proper diagnosis of gonadal disorders Penner et al., 1972; Bidlingmaier et al., 1973; Ruder et al., 1974) . At present, the knowledge on plasma estradiol levels in various endocrine disorders is still fragmentary and clinical significance of peripheral estradiol levels is not always easily interpreted.
As Effect of LH-RH. Figure 3 shows the effect of synthetic LH-RH on serum LH, FSH and plasma estradiol concentrations in nine normal men. showed the highest levels 6 hours after the 2nd injection and No. 5 showed maximum response to HCG on the 3rd day. Until 6 hours after the 2nd administration of HCG, the mean values of plasma estradiol maintained high level and then decreased gradually. Testosterone concentrations, on the other hand, responded differently to additional HCG stimulation and increased stepwise until the 4th day. The testosterone concentrations reached a maximum of about 2 times preinjection level 24 hours after the 3rd injection of HCG.
In gonadal diseases, the responses to HCG varied with the degree of the gonadal functions. Four cases with isolated gonadotropin deficiency had low levels of estradiol and testosterone and responded slightly to the 2nd or 3rd administration of HCG. A 56-year-old patient, without any treatment for a long time, hardly responded to HCG. In Klinefelter's syndrome and myotonic muscular dystrophy, No.6 and 8 showed normal increases of estradiol after HCG, though responses of testosterone were poor. A patient with testicular feminization showed normal increase of testosterone and reduced response of estradiol. Two subjects with orchiectomy failed to respond to HCG.
Discussion
The mean and range of peripheral plasma estradiol concentrations in normal adult males and females obtained by the present method were similar to those reported by other workers (Mikhail et al., 1970; Wu and Lundy, 1971; Abraham et al., 1972; Emment et al., 1972; Saez et al., 1972; Wright et al., 1973) .
Although it is extremely important to know the sources of plasma estradiol in males and females for the understanding of normal and pathological conditions, there exist several difficulties to be solved such as multiple precursors of estrogens, inter- In females, the plasma concentrations of estradiol observed in the subjects with bilateral oophorectomy and postmenopausal women in this series were extremely low. Furthermore, the far less contribution of the adrenal gland to plasma estradiol was confirmed by the normal concentration of estradiol seen in a bilaterally adrenalectomized female patient maintained on cortisone, and also by high normal estradiol in a female patient with isolated ACTH deadrenal suppression with dexamethasone and stimulation with ACTH did not influence the concentration of plasma estradiol. These suggest that plasma concentration of estradiol is for the most part maintained by the ovary in females and the adrenal glands contribute to a much less degree. A normal level of plasma estradiol shown in a patient with unilateral oophorectomy indicates that one ovary is capable of maintaining normal concentration of plasma estradiol. From these results, it is concluded that plasma estradiol in normal females mainly originates from the ovary and is an excellent index of the ovarian function.
In males, the role of the human testis in estrogen production has been controversial for many years. Recently, the direct secretion of estradiol by the human testis has been shown by Kelch et al. (1972 ), Longcope et at. (1972 , Saez et al. (1972) and Baird et al. (1973) on the basis of measurement of estradiol in spermatic venous blood. The castrated patients presented here revealed extremely low levels of plasma estradiol in the presence of both normal adrenal glands. Intramuscular administration of HCG in normal males, on the other hand, markedly increased the plasma estradiol level (Longcope, 1973; Doerr et al., 1974; Weinstein et al., 1974) and no low concentration of estradiol was found in two male patients with Addison's disease. These results suggest that the testis contributes to most of plasma estradiol concentration at least in normal males and estradiol as well as testosterone seems well to reflect testicular function. A way of assessing the clinical significance of measuring plasma estradiol should be based on the correlation between estradiol concentration and the degree of sexual maturity. In this sense, the low concentrations of plasma estradiol observed in hypogonadism of various causes, hypopituitarism,. hypothalamic lesions and castration in both sexes, were thought fairly to reflect the hypofunction of the testis or the ovary. Two cases of precocious puberty were associated with an elevation of plasma estradiol in comparison with normal prepubertal subjects. One of them, a 3-year-old boy showed an adult level of estradiol and testosterone (435.0ng/ 100ml) and the testicular biopsy revealed well-developed seminiferous. tubules and the Leydig cells comparable to those of adult males. Jenner et al. (1972) reported that in patients with precocious. puberty, plasma estradiol levels correlated well with the stage of sexual development. and clinical course and might be of great use in the determination of diagnosis and prognosis of sexual precocity. The physiological significance of low estradiol concentration in two males with Cushing's. syndrome and high estradiol concentration in a male with Addison's disease is not. clear and waits for further evaluation.
The pathogenesis of gynecomastia has. longbeen debated and multiple factors have been suspected. Recently, the role of estrogen in hyperthyroid patients with gynecomastia was studied by measuring plasma estradiol. The result revealed that gyne- increase concentrations of plasma estradiol and HCG produced an marked elevation of estradiol. The response patterns of plasma estradiol and testosterone after HCG administration to normal adult men are interesting from two points of view; the one is a disparity between the times reaching maximum level of estradiol and testosterone and the other is a difference of increasing rate. No study in detail about the response pattern of plasma estradiol after HCG stimulation was reported. Longcope (1973) described that plasma estradiol was higher on 3rd day than on 5th day in the study of administration of HCG, 3,000 IU, for 4 days. The present data of serial determinations showed that plasma estradiol level reached maximum 24 hours after the administration of HCG and the additional stimulation on the 2nd and 3rd day did not give any further increase of plasma estradiol. An early appearance of maximum estradiol level might mean that the aromatizing process responsible for testosterone conversion to estradiol was rapidly accelerated by HCG in the presence of abundant estradiol precursor. It was reported that HCG stimulated the aromatization process in human placenta (Cedard et al., 1970) . Moreover, the capacity of activated aromatizing enzyme possibly reached to the limit on the first day with no further increase on the subsequent days, and this limitation might result in quite different response patterns between estradiol and testosterone to the stimulation with HCG. It is uncertain whether the limit of aromatization process may well explain the significant lower level (p<0.005) of the 4th day estradiol.
Among the pathological conditions studied, the cases of gonadotropin deficiency showed slow and late rising of plasma estradiol and testosterone after HCG and no early appearance of maximum levels of estradiol as seen in normal men. The small and late response of plasma estradiol pro-bably reflects extremely low resting level of testosterone and its small increase after HCG stimulation. In addition, it is interesting to assume that a prolonged deficiency of pituitary gonadotropin is responsible for decreased aromatizing activity resulting in the poor response of plasma estradiol. Cases of hypergonadotropic hypogonadism, on the other hand, showed the different patterns from those of gonadotropin deficiency. In cases of Klinefelter's syndrome (Ruder et al., 1974) and myotonic muscular dystrophy, some patients showed normal response of estradiol to HCG, though the increase of testosterone was relatively small. This finding might be due to both relatively abundant testosterone which is enough for the estradiol production compared to that of gonadotropin deficiency and an increased conversion of testosterone to estrogen. Gabrilove et al. (1970) suggested that there was an increased conversion of androgens to estrogens in Klinefelter's syndrome and it might be facilitated both by the overproduction of pituitary gonadotropin and by the abnormal genetic sex constitution. A case of testicular feminization conversely showed normal increase of testosterone and somewhat reduced response of estradiol. Kelch et al. (1972) suggested that markedly elevated secretion of estradiol from the testis and decreased peripheral conversion resulted in normal concentration of peripheral estradiol in testicular feminization. It seems that the present result coincides with theirs.
Among gonadal disorders, there were frequently dissociated response patterns of testosterone and estrogen after HCG administration.
Therefore the assessment of the Leydig cell activity requires measurement of both sex hormones and not only the resting levels of these hormones, but also the response patterns after HCG provide interesting imformations about gonadal disorders.
